Introduction {#S1}
============

"Empathy refers to the capacity to understand and respond to the unique affective experiences of another person" ([@R6]). It is not a unitary concept, but it comprises emotional and cognitive aspects The emotional aspect of empathy refers to affective sharing between the self and others and the cognitive aspect is related to the cognitive capacity to take the perspective of the other person ([@R6]; [@R7]; [@R8]). Affective sharing is based on the perception-action model and activity of mirror neuron systems ([@R36]) and, in case of empathy, it means that by observing another person in a particular emotional state, the observer may experience similar feelings. It is based on an unconscious (bottom-up) process. However, the primary affective response needs to be modulated by regulation (top-down) processes, beginning with basic forms of the self-other distinction and ending on emotion control ([@R4]; [@R4]; [@R7]). All in all, mature empathy is characterized by conscious forms of emotion regulation and advanced forms of cognitive empathy.

Recent brain imaging studies have examined the neural processes involved in empathy by scanning participants during their perceiving of body parts or faces in painful and nonpainful situations (e.g., [@R21]; [@R39]). Observing a person experiencing pain recruits neural circuits largely overlapping those active when experiencing the pain directly ([@R19]; [@R39]). Also, studies have shown that emotional and cognitive aspects of empathy are based on separate neural networks ([@R5], [@R6];[@R7]). This neural empathic response has been found to be correlated with helping behavior ([@R17]; [@R39]) and is generally referred to as a marker of empathy for pain in others ([@R22]).

However, some studies report that the empathic response is not constant, but is more variable than previously thought. Variables such as the race of the people shown in the pictures (e.g., [@R1]; [@R38]) can modify the empathic response. Researchers postulate that this is caused by the relationship between the observer and others but also by their physical differences (e.g., [@R2]; [@R29]). Experiments focusing on the influence of race on the empathic reaction were an inspiration for us to explore facial attractiveness and its influence on empathy for pain.

It has been widely reported that physical attractiveness may influence human social behavior and interaction ([@R33]; [@R43]). Attractive individuals are considered to be healthier and to have better genes ([@R11]). They are also associated with many positive attributes, such as intelligence (e.g., [@R32]). Understandably, people might have more compassion for individuals who have such qualities ([@R33]). However, the results of a study by Jankowiak-Siuda et al. ([@R20]) are not consistent with this statement. In their fMRI study, short movie clips were presented to the participants showing attractive or unattractive people of both sexes experiencing pain. The activity of anterior insula (AI) and the anterior cingulate cortex (ACC) was greater for the less attractive man than for the more attractive man and for the more attractive woman than for the less attractive woman. According to the authors, an unattractive man aroused a stronger empathic response than an attractive one because of the lower intensity of male traits. A higher intensity of male traits may be identified with the manifestation of behaviors such as dominance and emotional coldness, and these features do not facilitate empathy ([@R20]).

Considering the results of Jankowiak-Siuda et al. ([@R20]) and the inconsistent behavioral findings (i.e., [@R13]; [@R33]), there is no consensus about the impact of attractiveness on empathy. Attractive faces have a linear relationship with positive affect. Also, attractive faces hold attention more effectively than less attractive faces ([@R40]) and observing them is considered more pleasant ([@R23]; [@R25]). Therefore, being juxtaposed with a negative painful stimulus (a needle stuck in the cheek), attractive faces might be less coherent for participants. In contrast, unattractive faces evoke less positive affect ([@R37]), which might be more coherent with the negative painful stimulus. That is why in the context of empathy for pain, it is possible that unattractive faces may have more advantage to being observed in painful situations.

Based on previous electrophysiological studies, there are differences in event-related potential (ERP) components that have been documented when participants perceive another person being intentionally harmed ([@R16]). Perception of painful compared with nonpainful stimuli induces larger early ERPs over the frontal and frontocentral lobes, followed by a long latency empathic response starting around 300 ms over the centroparietal regions ([@R12]). The early N1, N2, and P2 potentials are associated with perceptual information first processed at a low-level stage ([@R9]; [@R18]; [@R30]). The N1 component relates to an automatic affective arousal and is sensitive to facial attractiveness ([@R28]), while the P2 component is related to recognition processes ([@R15]). Its amplitude is higher when attractive faces are presented compared to unattractive ones ([@R41]).

The amplitude of the N2 component reflects the emotional evaluation ([@R14]). Studies on empathy for pain have revealed that the N2 component is present during the observation of pain in others. The amplitude of the N2 is also sensitive to experimental manipulation ([@R26]; [@R38]). For example, its amplitude is more positive when participants see the face in a painful situation (compared to a neutral one), but only when it is of the same race as the participant ([@R38]). There was no difference in the amplitude of the N2 component when participants observed otherrace people in pain.

The research concerning race and empathy was an inspiration for our study. It seems to be that the appearance of different-race faces influences early ERP amplitude, whereas the later components remain unbiased ([@R2]; [@R38]). Thus, the research presented in this paper aims to verify the influence of facial physical attractiveness on early ERPs, which are an indicator of affective sharing as the emotional aspect of empathy. Considering the results of the previous ERP studies on attractiveness, race, and empathy, we expected that the amplitudes of N1 and P2 components would be greater for attractive faces than for unattractive ones. We also expected that differences in the amplitude of the N2 component may be crucial for the interaction between attractiveness and painful stimulation.

Method {#S2}
======

**Participants**

Twenty-four participants (12 females; *M*~age~ = 22.4, *SD* = 3.1) were recruited through the John Paul II Catholic University of Lublin, Poland. The respondents agreed to participate in the study voluntarily and were paid the equivalent of \$5. The experiment was carried out in accordance with the Declaration of Helsinki and approved by the Ethical Committee of the John Paul II Catholic University of Lublin. 

**Stimuli**

The stimuli were taken from the Chicago Face Database ([@R27]; http://faculty.chicagobooth.edu/bernd.wittenbrink/cfd/index.html) and the website www.models.com. Two hundred and sixty-eight photos were evaluated by a separate group of thirty-two participants (16 females; *M~age~* = 22.55, *SD* = 2.6) on a scale of 1-5 (1 = *very unattractive*, 5 = *very attractive*). The photographs were in color, presented enface, in 131.22 × 77.5 mm size. For the EEG study, we collected sets of 10 photos presenting attractive women (score: *M* = 4.28, *SD* = 0.62), attractive men (score: *M* = 4.20, *SD* = 0.46), unattractive women (score: *M* = 1.56, *SD* = 0.47), and unattractive men (score: *M* = 1.59, *SD* = 0.47). A total of 40 photographs were used. Each photograph was scaled to fit in a rectangular portion of a computer screen at a viewing distance of approximately 70 cm. Each face was manipulated digitally to be displayed in two different conditions. In the painful stimulation condition, the face was displayed with a needle of a syringe penetrating the cheek (right or left). In the nonpainful stimulation condition, the face was displayed with a Q-tip touching the cheek (right or left; see Figure 1). Also, to vary the stimuli presented in both conditions, the angle at which the syringe or Q-tip touched the cheek and the appearance of the hand holding the tool were randomly changed.

**Procedure**

Participants were informed that the experiment aimed to collect information about facial perception. They received a misleading instruction in which they were asked to remember the presented faces. The task was defined in this way to engage their attention away from the main independent variables. Each trial started with a presentation of the fixation point in the middle of the computer screen for 1.5 s. Then, for 1 s, a face was presented, and for the next 1.5 s, an empty screen was displayed (see Figure 2). The study was divided into six blocks, with short breaks for participants and checking of the impedance level on the electrodes. There was a total of 800 stimuli divided equally into four categories, derived from two main independent variables: attractiveness (attractive vs. unattractive faces) and stimulation (painful vs. non-painful stimuli).

Figure 1Sample faces used in the study: (a) in the painful stimulation condition, (b) in the non-painful stimulation condition.

*EEG acquisition and analysis*. For the signal acquisition, 64 active electrodes (ActiCAP, Brain Products, Munich, Germany) connected to a high-input-impedance amplifier (200 MΩ, GES 300, Electrical Geodesics, Inc., Eugene, OR) were used. The EEG was referenced to an FCz electrode and digitized at a sampling rate of 250 Hz. Electrode impedances were kept below 5 kΩ. Offline signal processing included band-pass filtering (0.1 to 45 Hz) and common average reference. Muscle artifacts in the EEG signal, including eye movements and eye blinks, were corrected and bad channels were interpolated using the artifact subspace reconstruction method ([@R44]). Afterwards, epochs were created, beginning at 100 ms before the onset of stimuli and ending 1000 ms after it. An additional artifact rejection procedure using independent component analysis (ICA; [@R10]) and source localization was applied. We rejected independent components that contained remaining muscle artifacts, components whose source location was outside the brain, or which had unusual spectral power properties Mean N1, P2, and N2 component amplitudes were measured at frontocentral electrode sites in 110--150 ms, 160--220 ms, and 240--280 ms time windows based on a visual inspection and locked to the onset of the face stimuli, respectively. Statistical analyses were conducted on mean amplitude estimates of activity averaged for each of frontal (AF3/AF4, AF7/AF8, Fz, FCz, F1/F2, F3/F4, F5/F6, F7/F8, FC1/FC2, FC3/FC4, FC5/FC6, and FT7/FT8), central (Cz, C1/C2, C3/C4, and C5/C6), and parietal (Pz and P3/P4) electrode sites, as in the procedure by Sessa et al. ([@R38]).

Figure 2Illustration of the experimental procedure.

Results {#S3}
=======

**Event-Related Potential: N1 (110 -- 150 ms) and PS (150 -- 220 ms)**

The ANOVA for N1 mean amplitude revealed a main effect of attractiveness, *F*(1, 22) = 4.691, *p* = .04, η~p~^2^ = 0.18). The attractive faces elicited more negative N1 amplitudes than unattractive faces (*M* = −0.760; *SE* = 0.084). There was a slight tendency towards the main effect of attractiveness on the P2, *F*(1, 22) = 3.711, *p* = .067. The attractive faces elicited more positive P2 amplitudes than unattractive faces (see Figure 3). The ANOVA detected no other main effect or interaction (all *p*s\> .05).

**Event-Related Potential: N2 (240 -- 280 ms)**

The ANOVA for the N2 mean amplitude revealed a significant interaction of stimulation, attractiveness, and localization, *F*(1, 23) = 4.203, *p* = .028, η~p~^2^ = 0.28. A Bonferroni post hoc test (*p* = .009) showed that on the frontal electrodes, the amplitude on N2 was more positive in painful compared to nonpainful condition, but only for unattractive faces, *M* = −1.125, *SE* = 0.176. There were no similar differences in attractive faces, *M* = −1.277, *SE* = 0.147 (see Figure 4). The ANOVA detected no other main effect or interaction (all *p*s \> .05).

Discussion {#S4}
==========

Figure 3N1 (110- 150 ms) recorded in response to attractive versus unattractive faces.

Figure 4The N2 (240--280 ms), recorded at a selection of frontal electrode F3, relative to the two stimulation conditions (painful vs. no-painful) for attractive faces and unattractive faces.

In this study, we found that facial physical attractiveness modifies the amplitude of early ERP components. Attractive faces elicited a greater neural response than unattractive ones at the time point of 110 ms (N1). Also, in the time window of 240--280 ms (N2), painful stimuli elicited a significantly greater neural response over frontal regions than nonpainful ones, but only in response to unattractive faces. This suggests that a different empathic response was present at early brain activity stages.

The amplitude of the N1 component (110--150 ms) was higher when the subjects viewed attractive faces compared to the unattractive ones. In some studies on empathy for pain, the amplitude of the N1 component was greater for painful than neutral stimuli (e.g., [@R2]). We may consider the N1 component to be a marker of the early allocation of motivated attention and automatic activation of affective arousal ([@R4]). Attractive faces are more pleasant stimuli to look at, and their appearance stimulates the reward center in the brain ([@R0]; [@R34]). It is most likely that at the very early stage, it draws the participants' attention more than the painful stimuli.

The amplitude of the N2 component (240--280 ms) was different for painful versus neutral stimuli, but only for unattractive faces. Even though research concerning empathy for pain and race was only our inspiration, we also found an interaction of physical appearance and pain perception in this component. Therefore, we suggest that the difference in the N2 amplitude to pain in unattractive faces most likely reflects a difference in the empathic response dependent on facial attractiveness. However, our interpretation is based more on the process related to the perception of the faces rather than stereotypes or attributes.

According to a model of empathy ([@R7]), there are two key processes: an early, automatic bottom-up process (related to affective sharing) and a later, cognitively controlled top-down process (related to the cognitive capacity to take the perspective of the other person). In empathy for pain studies, the N2 component represents an early bottom-up process. It is possible that low-level information, like attractiveness, is extracted from the faces and may capture more attention than the pain itself. Therefore, in this early stage, painful stimuli might be less important. Conversely, unattractive faces evoke less positive affect ([@R37]) and capture less attention ([@R40]). Thus, unattractive faces might be more coherent for participants (contrasted with a negative painful stimulus) and might facilitate the association of physical information with affective values.

The instructions used in our study may also be of importance. We asked the participants to remember the presented faces. This task was designed to distract attention from the painful stimuli. Interpretation of the results should consider the possible influence of memory on the interaction in the N2 component. It is known that attractive faces are harder to remember than unattractive ones ([@R24]; [@R42]). Therefore, the participants may have had greater difficulty in remembering the details of the attractive faces and, consequently, they paid less attention to the pain they empathically felt. However, this issue requires further investigation. According to Cui et al. ([@R3]), painful pictures (a person's hands/forearms/feet in painful situations) elicit significantly larger N2 amplitudes than nonpainful pictures during high working memory load. There was no significant difference in the N2 amplitude between the painful and nonpainful pictures during low working memory load.

In our study, there was no interaction between participant sex and facial attractiveness. It should be noted that, thus far, there have not been found any differences between men and women in the evaluation of physical attractiveness have been found (e.g., [@R35]). Also, in a study by Han et al. ([@R16]) on empathy for pain, it was found that the early ERP effect for the pain-related condition (the positive shift at 140--320 ms elicited by the painful relative to neutral stimuli at the frontocentral electrodes) was the same in women and men.

Behavioral research shows that respondents are more likely to empathize with attractive people (e.g., [@R33]). However, this result was not fully confirmed by Jankowiak-Siuda et al. ([@R20]), nor was confirmed our in study. Using ERP analysis, we found the influence of facial attractiveness on the emotional aspect of empathy when viewing facial images of people in a painful situation. Our results indicate the need to control the attractiveness of the presented faces in future studies on empathy for pain. The next step in the research on the relationship between attractiveness and empathy, as in the case of experiments related to the effect of race, should verify these results and explore whether facial attractiveness might influence the cognitive aspect of empathy.
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